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with 

vehicle, a 5-HT1B receptor antagonist (isamoltane hemifumarate) , 

or an 

inhibitor of the synthesis of 20-HETE ( 

HET0016) . The effects of HET0016 and isamoltane on the 



vasoconstrictor response and changes in [Ca2 + ]i to 5-HT were 
also studied 

in middle cerebral arteries and vascular smooth muscle cells 
isolated from 

these vessels. RESULTS: 2 0-HETE and 5-HT levels in 
cerebrospinal fluid 

rose from 172+/-10 to 629+/-44 ng/mL and from 6+/-4 to 
1163+/-200 nmol/mL, 

respectively, after SAH. rCBF fell by 30% 10 minutes after SAH, 
and it 

remained at this level for the next 2 hours. Blockade of 5-HT1B 
receptors 

prevented the sustained fall in rCBF seen after SAH. 
Int racist ernal 

injection of 5-HT mimicked SAH by increasing 2 0-HETE levels in 
cerebrospinal fluid to 47S+/-94 ng/mL and reducing rCBF by 30%. 
Blockade 

of the synthesis of 2 0-HETE with HET0016 prevented the fall in 
rCBF . produced by 5-HT. Isamoltane and HET0016 reduced the 
vasoconstrictor response of isolated MCA to 5-HT by >60% and 
diminished 

the rise in [Ca2+] i produced by 5-HT in vascular smooth muscle 

cells 

isolated from these arteries. CONCLUSIONS: These results 
suggest that the 

release of 5-HT after SAH activates 5-HT1B receptors and the 
synthesis of 

2 0-HETE and that 2 0-HETE contributes to the acute fall in rCBF by 
potentiating the vasoconstrictor response of cerebral vessels to 

5-HT. 
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AB 2 0-Hydroxyeicosatetraenoic acid (2 0-HETE) is one of the 

metabolites of 

arachidonic acid catalyzed by CYP4A isozymes. 20-HETE 
inhibits the large- conductance, Ca2+-activated K+-channel and 
increases Ca2+ influx through the voltage-gated Ca2+ channel. 

2 0-HETE 

potently constricts cerebral arteries from a variety of species 
through 

these mechanisms. Recent studies have indicated that 2 0-HETE 
contributes 

the acute fall in cerebral blood flow in rats following 
subarachnoid 

hemorrhage. Inhibition of 20-HETE formation 

might increase collateral blood flow and be useful in reducing 

brain 

damage following ischemic stroke as well. Recently, we 
developed the potent and selective inhibitor of 20- 
HETE synthesizing enzyme, TS-011. The present study examined the 
effects of TS-011 on infarct size following 1 hr of transient 
occlusion 

and 23 hr of reperfusion of the middle cerebral artery occlusion 

(MCA0) of 

rats. Plasma levels of 20-HETE increased significantly from 518 
to 772 

pg/mL 3 and 6 hours after occlusion and reperfuion of MCA. 
There was also 

upregulation of the expression of CYP4A protein in the penumbra 
region of 

infarct area in comparison to the contralateral hemisphere. 
Intravenous 

infusion of TS-011 (0.1 mg/kg/hr) significantly reduced the 
infarct volume 

by 35%. The reduction of infarct volume by TS-011 was even 
observed when 

the compound was administered 4 hours after occlusion of the 
MCA. TS-011 

prevented the increase in plasma 2 0-HETE levels following 
occlusion and 

reperfusion of the MCA. TS-011 also reduced the infarct volume 
by 30 % in 

a photochemically- induced model of permanent MCAO of rats. 
These results 



suggest that inhibition of the production of 20- 

HETE with TS-011 provides neuroprotection following ischemic 

stroke . 
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AB INTRODUCTION: Acute cerebral vasospasm following subarachnoid 
hemorrhage (SAH) causes ischemic stroke. Although endothelin, 
nitric oxide and thromboxane have been implicated to play a role 

in 

cerebral vasospasm, the relative importance of these mediators 
versus others have not been fully resolved. Recently, a 
cytochrome P450 

metabolite of arachidonic acid, 2 0-hydroxyeicosatetraenoic acid 
(20-HETE) (a potent vasoconstrictor) , has been reported to play a 
pivotal 

role in the regulation of cerebrovascular tone. To examine the 
role of 

2 0-HETE in mediating acute cerebral vasospasm, we compared 
cerebral blood flow responses following SAH in rats treated with 
vehicle 

or an inhibitor of 20-HETE 

formation, 17 -ODYA. METHODS: Experiments were performed on 
ketamine and 

thiobutabarbiturate anesthetized male Sprague-Dawley rats 
weighing 250-3 00 

g. The animals were artificially ventilated and arterial 
pressure and 



PC02 levels were monitored. Regional cerebral blood flow (rCBF) 

was 

continuously measured with laser-Doppler flowmetry through thin 
closed 

cranial window over the parietal region of the cerebral cortex. 
SAH was 

induced by injecting 0.3 ml of arterial blood into the Cisterna 
Magna . 

2 0-HETE levels were measured by fluorescent HPLC from samples 
drawn via 

Cisterna Magna before and after SAH. Rats were divided into two 
groups . 

In group 1 (n=7) , rats were given an injection of 2 nmoles of 
17-ODYA into 

the Cisterna Magna 1 hour prior to SAH. In group 2 (n=5) , rats 
received 

vehicle. Data was expressed mean +-SEM and significance of 
differences 

was determined using ANOVA followed by a Duncan's test. 
RESULTS: In 

vehicle- treated rats, rCBF fell by 40% within 10 minutes after 
SAH, and it 

remained at this level for the 2 hour duration of the 
experiment. In 

contrast, the initial decrease in rCBF was significantly less in 
the rats 

pretreated with 17-ODYA, and rCBF returned to pre- SAH levels 
within 2 

hours (See Figure) . In vehicle- treated rats, 20-HETE levels in 
cerebrospinal fluid (CSF) increased significantly from 7.S+-4 
ng/ml to 

204+-13 ng/ml after injection of blood; while 20-HETE levels did 

not 

increase in the 17-ODYA treated rats. CONCLUSIONS: These 
results indicate 

that SAH markedly increased 20-HETE levels in CSF, and 17-ODYA 
prevented 

both the increase of 2 0-HETE levels and the fall in rCBF 
following SAH. 

2 0-HETE, a cytochrome P45 0 metabolite of arachidonic acid, may 
contribute 

to acute cerebral vasospasm following SAH. Preventing the 
production of, or the actions of 2 0-HETE, after SAH may provide 

a new 

therapeutic approach for the treatment of SAH and cerebral 
vasospasm. 
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AB This study examined the effects of blocking the formation of 

20-hydroxyeicosatetraenoic acid (20-HETE) on the acute fall in 
cerebral 

blood flow after subarachnoid hemorrhage (SAH) in the rat. In 
vehicle- treated rats, regional cerebral blood flow (rCBF) 
measured with 

laser-Doppler flowmetry fell by 3 0% 10 min after the injection 
of 0.3 ml 

of arterial blood into the cisterna magna, and it remained at 
this level 

for 2 h. Pretreatment with inhibitors of the formation of 
20-HETE, 17-octadecynoic acid (17-ODYA; 1.5 nmol 
intrathecal ly) and 

N-hydroxy-N' - (4-butyl-2 -methylphenyl) formamidine ( 

HET0016; 10 mg/kg iv) , reduced the initial fall in rCBF by 40%, 
and rCBF fully recovered 1 h after induction of SAH. The 

concentration of 

20-HETE in the cerebrospinal fluid rose from 12+-2 to 199+-17 

ng/ml after 

SAH in vehicle-treated rats. 20-HETE levels averaged only 15+-11 

and 

39+-13 ng/ml in rats pretreated with 17-ODYA or HET0016, 
respectively. HET0016 selectively inhibited the formation of 
2 0-HETE in rat renal microsomes with an IC5 0 of <15 nM and human 
recombinant CYP4A11, CYP4F2, and CYP4F3 enzymes with an IC50 of 
42, 125, 

and 100 nM, respectively. These results indicate that 20-HETE 
contributes 

to the acute fall in rCBF after SAH in rats. 
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AB Previous studies have reported that the formation of 
vasoconstrictor 

metabolites of arachidonic acid (AA) following subarachnoid 
hemorrhage 

(SAH) is elevated. Since the primary metabolite of AA in the 
cerebral 

circulation is 2 0-hydroxyeicosatetraenoic acid (20-HETE) , the 
present 

study examined its role in the development of cerebral vasospasm 
following SAH in the rat. Regional cerebral blood flow (rCBF) 

was 

measured using laser Doppler flowmetry. SAH was induced by 
injection of 

0.3 ml autologous arterial blood into the Cisterna Magna of rats 
that were 

pretreated with vehicle, a 20-HETE and EET 

inhibitor 17-octadecynoic acid (17-ODYA) (1.5 nM, intrathecally) , 
or a selective inhibitor of 20-HETE 

formation, N-hydroxy-N' - (4-butyl-2 -methylphenyl) -formamidine ( 
HET0016) (10 mg/kg, i.v.). Cerebrospinal fluid (CSF) was 
collected before and after SAH and the effects of HET0016 on the 
formation of 2 0-HETE in rat renal cortical microsomes were 
determined. In 

control rats, rCBF fell 3 0% 10 min after the induction of SAH 
and remained 

at this level for the 2 hr duration of the experiment. 
Pretreatment of 

the rats with 17-ODYA or HET0016 reduced the initial fall in 



rCBF at 10 min by 40% and rCBF fully recovered to control values 
90 min 

after induction of SAH. The 2 0-HETE concentration in CSF 
averaged 18 0+ -10 

ng/ml after SAH in control animals and only 15+ -5 and 60+ -10 
ng/ml in rats 

treated with 17-ODYA or HET0016* HET0016 selectively 
inhibited the formation of 2 0-HETE by renal microsomes with an 
IC50 of 15 

nM. It had no effect on epoxygenase activity even at a 
concentration of 

1000 nM. The results of the present study indicate that the 
levels of 

2 0-HETE are elevated in CSF following SAH and that CYP4A 
inhibitors are 

effective in preventing the vasospasm in rats in vivo and have 
potential as therapeutic agents. 
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AB This study examined the effects of a 2 0-hydroxyeicosatetraenoic 
acid 

(20-HETE) antagonist, 20-hydroxyeicosa-6 (Z) , 15 (Z) -dienoic acid 
(WIT002) 

and two agonists, 
4-amino-N- (20-hydroxy-eicosa-5 (Z) , 14 (Z) -dienoyl) 

benzenesulf onamide (ABSA) and 
2 0-hydroxyeicosa-5 (Z) , 14 (Z) -dienoic acid 

(WIT003) , on the diameter of rat middle cerebral arteries in 
vitro and on 

cerebral blood flow in vivo. WIT003, ABSA and 20-HETE all had a 
similar 

effect to reduce the diameter of the middle cerebral artery by 
26%. WIT003 



and 2 0-HETE both increased intracellular Ca2+ concentration 

([Ca2+]i) in vascular 

smooth muscle cells isolated from the middle cerebral artery. In 
contrast, WIT002 had no effect on the basal diameter of the 

middle cerebral 

artery but it attenuated the vasoconstrictor responses and the 
rise in 

[Ca2+]i in vascular smooth muscle cells following administration 

of 

20-HETE and 5-hydroxytryptamine (5-HT) . WIT003 partially 
restored the 

vasoconstrictor response to 5-HT in the middle cerebral artery 

after 

administration of an inhibitor of the endogenous synthesis of 
20-HETE. Infusion of the 20-HETE agonists, WIT003 and 
ABSA, into cisterna magna of rats reduced baseline cerebral 
blood flow by 

20%, whereas administration of the 20-HETE antagonist, WIT002, 
had no 

effect. Intracisternal injection of WIT002 attenuated the fall 

in 

cerebral blood flow following injection of blood into the 
cisterna magna, 

whereas administration of the 20-HETE agonist, ABSA, potentiated 

this 

response. These findings indicate that the 2 0-HETE agonists, 
WIT003 and 

ABSA, increase cerebral vascular tone both in vivo and in vitro 

and 

suggest blocking the vasoconstrictor actions of 20-HETE may be 
useful to 

prevent the acute fall in cerebral blood flow following 
subarachnoid 

hemorrhage . 
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AB A method for treating cerebral vascular 

diseases in a human or non-human animal is disclosed. The method 
involves inhibiting 20-HETE synthesizing 

enzyme activity sufficiently to increase or prevent a decrease 
in cerebral 

blood flow in the human or non-human animal. 



